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 Abstract    
Studies on fetal lung/brain circulation by means of power Doppler technique have suggested a marked reduction in 
lung perfusion in high-risk pregnancies as a sign of circulation redistribution. The ratio between lung/brain perfusion 
might therefore give a new method to predict fetal circulation centralization. 
Objective: The aim of the present study was to obtain fetal lung and cerebral artery ratio in normal and high-risk 
pregnancies. 
Study design: Doppler samples from proximal right pulmonary artery blood velocities and middle cerebral artery 
(MCA) were recorded cross-sectionally in 228 normal singleton pregnancies at gestational age 22 to 40 weeks. 
MCA / right pulmonary artery pulsatility index (PI) ratio was calculated. Doppler samples from proximal right pulmo-
nary artery and MCA were also recorded in 89 high-risk singleton pregnancies and the results related to perinatal 
outcome.
Results: In the normal controls, right pulmonary artery PI remained stable until 30 weeks of gestation with slight 
increase thereafter until term. The MCA to right pulmonary artery PI ratio increased between 22 and 28 weeks of 
gestation with the rapid fall towards term. In the high-risk pregnancies group, right pulmonary artery PI showed no 
signiﬁcant correlation to perinatal outcome, but signs of brain-sparing in the MCA were correlated to all adverse 
outcome parameters. 
Conclusion: Velocimetry of the middle cerebral artery is better than velocimetry of right pulmonary artery in pre-
dicting adverse outcome of pregnancy. The brain/lung PI ratio does not improve the prediction of adverse outcome 
of pregnancy. 
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Introduction
??e ?e?el???e?? ?? ?????i?e?si??al a?? D???ler ul?ra-
s?u?? ?a?e ??ssible ???-i??asi?e i??es?i?a?i?? ?? ?e?al ?ir?u-
la?i?? a?? ?as ?i?e? ????le??e ab?u? ?a?er?al a?? ?e?al ?ir-
?ula?i??? D???ler e?a?i?a?i??s ?a?e bee? ??u?? use?ul i? ??e 
e?alua?i?? ?? ?i??-ris? ?re??a??ies, ?ar?i?ular? ????li?a?e? b? 
i??ra-u?eri?e ?r???? res?ri??i?? ?????? a?? ?re??a??? i??u?e? 
???er?e?si?? ????? ?1-??? 
?i??s ?? ?e?al brai?-s?ari?? ?uri?? ??r??i? ?????ia are ?ell 
es?ablis?e? ??,??? ??u?ies ?? ?e?al s?ee? ?uri?? ?????ia ?a?e 
re?eale? re?is?ribu?i?? ?? ?ir?ula?i?? ?a??ri?? ??e ?i?al ?r?a?s 
brai?, ?ear? a?? a?re?als ???? ?? e??eri?e??al la?b s?u?ies, ?e-
?al lu?? bl??? ??? ?e?rease? ??s? ?? all ?r?a?s s?u?ie? ?uri?? 
?????ia ???? ???e???s ?a?e bee? ?a?e ?? use ??e D???ler ?e??-
?i?ue i? ??e ?re?i??i?? ?u?a? ?e?al ?ir?ula?i?? re?is?ribu?i?? ?ur-
i?? ??r??i? ?????ia? ?esear?? ?? si??s ?? ?e?rease? ??? ?? less 
i???r?a?? ?e?al ?r?a?s ?uri?? ?e??raliza?i?? ?? ?ir?ula?i?? su?? as 
?u?, ?i??e?, li?er, a?? ?eri??eral ar?eries ?a?e bee? ?isa???i??i?? 
??-11?? ???e?er, s?u?ies ?? ?e?al lu???brai? ?ir?ula?i?? usi?? ?i?-
i?al a?al?sis ?? ???er D???ler si??al i??e?si?? i? ??e ??? ?r?a?s 
?a?e su??es?e? a ?ar?e? re?u??i?? i? lu?? ?er?usi?? i? ?i??-ris? 
?re??a??ies ?2?? ?rai? ??? si??als ?ere i??rease? a? ??e sa?e 
?i?e? ??e ra?i? be??ee? lu???brai? ?er?usi?? ?i??? ??ere??re ?i?e 
a ?e? ?e???? ?? ?re?i?? ?e?al ?ir?ula?i?? ?e??raliza?i?? ?2?. 
??e ai?s ?? ??e ?rese?? s?u?? ?ere ??ere??re ?? ?b?ai? ?e?al 
ri??? ?ul???ar? ar?er? ?ulsa?ili?? i??e? ???? ??? a?? ?i??le ?e-
rebral ar?er? ?M?? ??? i? ??e ??urse ?? ??r?al ?re??a???? ?e?-
???ar?, ?? ?al?ula?e ?i??le ?erebral ar?er? ?? ?? ri??? ?ul???ar? 
ar?er? ?? ra?i? ?M??????-ra?i?? ?uri?? ??e ??urse ?? ??r?al 
?re??a???? ?i?all?, ?? e?alua?e si??s ?? ?ir?ula?i?? re?is?ribu?i?? 
i? ??ese ?essels i? ?e?uses a? ris? ??r i??rau?eri?e ?????ia?  
Materials and methods 
D???ler sa??les ?r?? ?r??i?al ri??? ?ul???ar? ar?er? 
blood velocities and middle cerebral artery were recorded in 
a cross-sectional study in 22? normal sin?leton ?re?nancies at 
?estational a?e 22 to ?? wee?s? ?ll ?re?nancies ?ad an unevent?ul 
course o? ?re?nancy, labour and delivery? ?ll ?atients ?ave t?eir 
in?ormed consent and t?e study ?rotocol ?as been a??roved by 
t?e ?os?ital ?t?ics ?ommittee Malmo-?weden?? ?estational a?e 
?ad been establis?ed in eac? ?re?nancy by ultrasound e?amina-
tion ?er?ormed in t?e ?rst trimester o? ?re?nancy?
Do??ler sam?les ?rom t?e ?ro?imal ri??t ?ulmonary artery 
and middle cerebral artery were also recorded in ?? ?i??-ris? sin-
?leton ?re?nancies re?erred ?or antenatal blood ?ow e?amination 
indicated by intra-uterine ?rowt? retardation ?????? ?n=??? and 
?re?nancy induced ?y?ertension ????? ?n=???? ??e de?nition 
used as ?re?nancy-induced ?y?ertension was? values o? blood 
 Key words: pulmonary artery / middle cerebral artery / brain-sparing / fetus /  
       / Doppler / pregnancy /
 Streszczenie    
Wstęp: Ocena przepływu krwi przy pomocy metod ddopplerowskich w krążeniu płucnym I mózgowym sugerowała 
istotny spadek perfuzji płuc w ciążach wysokiego ryzyka jako wykładnik zmienionej redystrybucji krwi w ustroju pło-
du. Stworzyło to koncepcję z której wynika, że stosunek perfuzji krwi w płucach i mózgu może być nową metodą 
oceniającą centralizację krążenia.
Cel pracy: Celem badań było określenie współczynnika określającego stosunek przepływów krwi w płucach i mó-
zgu w ciąży o przebiegu prawidłowym i w ciąży wysokiego ryzyka. 
Materiał i metody: Przepływ krwi oceniano metodą dopplerowska w proksymalnej części prawej tętnicy płucnej 
oraz w tętnicy środkowej mózgu w dwóch grupach pacjentek: u 228 ciężarnych z ciążą pojedynczą o przebiegu 
prawidłowym między 22 a 40 tygodniem ciąży oraz u 89 ciężarnych z ciążą wysokiego ryzyka. W oparciu o uzy-
skane wyniki obliczano stosunek wartości PI w naczyniach płucnych i mózgowych.  Uzyskane wyniki odnoszono 
do stanu noworodka po porodzie.
Wyniki: W grupie kontrolnej wartości PI tętnicy płucnej są stabilne aż do 30. tygodnia ciąży z następowym nie-
znacznym wzrostem aż do terminu porodu. Wartości stosunku PI w tętnicy środkowej mózgu do PI prawej tętnicy 
płucnej wzrastają między 22. a 28. tygodniem ciąży z następowym spadkiem do terminu porodu. W grupie ciąż 
wysokiego ryzyka, nie stwierdzono istotnej zależności między wartościami PI prawej tętnicy płucnej a stanem no-
worodka po porodzie. W tej grupie ciąż wykładniki centralizacji krążenia wykazywały zależność w odniesieniu do 
parametrów charakteryzujących zły stan noworodka po porodzie. 
Wnioski: Ocena przepływu krwi w tętnicy środkowej mózgu, w porównaniu z oceną przepływu w tętnicy płucnej, 
ma większą wartość predykcyjną w prognozowaniu stanu płodu. Analiza współczynnika – PI mózgu/PI płuc – nie 
poprawia tej oceny.
 Słowa kluczowe: t?tnica p?ucna / t?tnica ?rod?o?a m??gu / centrali?ac?a ?r??enia / 
      / p??d / Doppler / ci??a /
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?ressure 1????? mm??, an increase o? systolic blood ?ressure 
o? ?? mm?? and diastolic blood ?ressure o? 1? mm?? above 
t?e basic values? ??aminations were re?eated in some cases, but 
results ?rom t?e last e?amination be?ore delivery were only cor-
related to outcome o? ?re?nancy? Median ?estational a?e at t?e 
last e?amination was ?? wee?s ?ran?e 2?-?? wee?s?? ??e median 
interval between t?e e?amination and labour was ?,? days ?ran?e 
?-? days?? ??e clinicians were only in?ormed o? t?e umbilical 
???? and uterine artery ??t??? blood velocimetry, but not o? ?etal 
cerebral and ?ulmonary blood ?ow recordin?, w?ic? were ?er-
?ormed at t?e same time as?
?cuson ?? and ?e?uoia ultrasound units ??iemens Medical 
?o? wit? ?ulsed, color and ?ower Do??ler ?ossibilities was used 
durin? t?e study? ?onventional ?-mode sono?ra??y was used to 
visualize t?e ?etal c?est at it?s transverse, cross-sectional ?lane at 
t?e level o? t?e ?ulmonary artery? ??e main ?ulmonary artery was 
located and t?en t?e ri??t ?ulmonary artery ?ust beyond bi?urca-
tion o? t?e main ?ulmonary artery 12? ??e blood velocity wave-
?orm was obtained by ?ositionin? t?e Do??ler sam?le volume 
into ?ro?imal ?art o? ri??t ?ulmonary artery ?ust beyond bi?urca-
tion o? main ?ulmonary artery? ??e ri??t branc? was c?osen ?or 
t?e measurements as t?ere is no di??erence between wave?orms 
obtained ?rom ri??t and le?t ?ulmonary artery ?12,1??? ??arac-
teristic o? ri??t ?ulmonary arterial blood velocity wave?orm is 
illustrated in ?i?ure 1?
??e middle cerebral artery was visualized at t?e level o? 
circle o? ?illis by t?e use o? color Do??ler? ??e ?ulsed Do??ler 
sam?le volume was ?laced in t?e middle cerebral artery at near ?0 
an?les to t?e ultrasound beam and t?e blood velocity wave?orms 
were obtained and stored? ?are was ta?en not to ?us? on t?e ?etal 
?ead, w?ile e?aminin? middle cerebral artery as t?at mi??t in-
crease ?ressure and, conse?uently reduce cerebral ?er?usion ?2?? 
?etal brain s?arin? e??ect was de?ned as ?? ? mean - 2?D?
?mbilical artery velocimetry was recorded ?rom a ?ree ?oat-
in? loo? o? t?e cord? ??e blood velocity wave?orm was analysed 
?or ?? and com?ared wit? normal re?erence values ?1??? ?ll Do?-
?ler e?aminations were made durin? absence o? ?etal breat?in? 
movements? 
Uterine artery blood velocity was located bilaterally by color 
?ow ma??in? in an obli?ue scan, wit? t?e sam?le volume ?laced 
in t?e artery ?ust cranial to t?e a??arent crossin? o? t?e e?ternal 
iliac blood vessels? ??ree subse?uent blood velocity wave?orms 
?or eac? vessel were analyzed ?or ?? accordin? to ?oslin? et al?, 
w?ic? is an ac?nowled?ed measure o? downward vascular im-
?edance ?1??? ??e mean o? bot? uterine arteries ?? were calcu-
lated, ?? e?ceedin? 1?20 was deemed abnormal ?1??? Middle ce-
rebral artery over ri??t ?ulmonary artery ?? ratio ?M?????? ?? 
ratio? was calculated? ?ll e?aminations o? normal controls were 
?er?ormed by one o?erator ?MD??
?n t?e ?i??-ris? ?re?nancies, t?e Do??ler results were attrib-
uted to ?erinatal outcome, includin? ?estational a?e at delivery, 
birt?wei??t, ???ar score at ? minute o? li?e, umbilical arterial 
and venous ??, t?e need ?or o?erative delivery ?or ?etal distress 
??D?D?, t?e needs ?or admission to neonatal intensive care unit 
????U?, arti?cial ventilation and ?erinatal mortality? ? small-?or-
?estational-a?e ????? in?ant was de?ned as birt?wei??t below 
t?e tent? ?ercentile ?or corres?ondin? ?estational a?e ?1??. 
??e com?uter so?tware ?tatistica version ??0 ??tat?o?t, 
?nc?? was used ?or statistical analysis? ?ormal re?erence c?arts 
?or M?? ??, ??? ?? and M?????? ratios were constructed by 
?olynomial re?ression analysis by t?e ?uadratic met?od ?ivin? 
mean, 2?? and ???? ?ercentiles cut-o???s? ?is?er?s e?act test was 
used to determine numeric di??erences between ?rou?s wit? 
normal and abnormal blood ?ow velocity? ??e Mann-??itney 
non-?arametric test was used to com?are continuin? variables in 
t?e two ?rou?s? 
Results
?i??t ?ulmonary artery ?? in t?e normal controls remained 
stable until ?0 wee?s o? ?estation wit? sli??t increase t?erea?ter 
until term ??i?ure 2?? ?n t?e course o? normal ?re?nancy t?e mid-
dle cerebral artery curve is ?uite similar to t?e curve ?resented by 
Mari and Deter ?1?? ??i?ure ??? 
??e middle cerebral artery to ri??t ?ulmonary artery ?M???
???? ?? ratio increased between 22 and 2? wee?s o? ?estation 
wit? t?e ra?id ?all towards term ??i?ure ???
?n t?e ?i??-ris? ?re?nancy ?rou?, t?e median ?estational a?e 
at delivery was ?? wee?s ?ran?e 2?-?1 wee?s?? 
 
Figure 1. Typical spectrum of blood velocity waveforms of proximal branch right 
fetal pulmonary artery in normal pregnancy.
 
Figure 2. Mean and 95% CI of right proximal pulmonary artery pulsatility index (PI) 
in in the second half of pregnancy.
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??e mean birt?wei??t o? in?ants was 1?0????? ? and ?? 
??1?? newborns were small-?or-?estational a?e at birt?? ??e 
needs ?or ?D?D were in ?2 cases and ?? neonates were admitted 
to ???U, w?ere ?? o? t?em were ventilated? ???ar score ?? at ? 
min was ?ound in 1?? ?rterial ?? ???1? and venous ?? ???20 was 
?ound in 2? and 2? cases, res?ectively? ??ere were seven ?erinatal 
deat?s ? all a?ter delivery due to severe ?U?? and ?rematurity 
?2? wee?s o? ?estational a?e ? ?10?? 2? wee?s o? ?estational 
a?e ? ?20?? 2? wee?s o? ?estational a?e ? ??0?? 2? wee?s o? 
?estational a?e ? ??0?? 2? wee?s o? ?estational a?e ? ??0?? ?2 
wee?s ? ??0?? ?2 wee?s ? ??0???
?n t?e ?i??-ris? ?re?nancies, ?0 ????? ?ad a normal ?ro?i-
mal ri??t ?ulmonary artery ??? ??ere were no si?ni?cant di?-
?erences in ?erinatal outcome between cases wit? normal and 
abnormal ?ulmonary artery ??? ?i?ns o? brain-s?arin? in M?? 
were ?ound in ?? ????? ?etuses and was ?i??ly correlated in all 
adverse outcome ?arameters e?ce?t ??? newborns? ??e ?rou? o? 
?i??-ris? ?re?nancies consists o? ?1 ????? ?etuses wit? abnormal 
M?????? ?? ratio? ?i?ni?cance o? di??erences was ?ound in all 
?arameters studied e?ce?t ??? newborns, ventilation in ???U 
and ?D?D?
Discussion 
??e results demonstrate a c?an?e in ?etal ??? and M?? 
blood ?ow wit? advancin? ?estation in second ?al? o? ?re?nancy? 
M?? ? ??? ?? ratio was also demonstrated ?rom 22nd to ?0th week 
o? ?re?nancy? ?he analysis o? blood ?ow in hi?h-risk ?re?nancies 
showed that ri?ht ?ulmonary artery ?? seems to be a ?oor marker 
in ?redictin? ?erinatal outcome? ?here were no di??erences in 
?erinatal outcome between ?etus with normal and abnormal ri?ht 
?ulmonary artery ?? ? ?owever, an abnormal M?????? ratio was 
related to adverse outcome, but this was mainly due to chan?es 
in M?? ??? ?his study revealed that middle cerebral artery ?? 
better corres?ond with chan?es in ?etal redistribution and adverse 
outcome o? ?re?nancy than does the ????  
?lthou?h ?1 ?etuses mani?ested abnormal values o? M???
???-ratio, M??-?? seemed to be a better ?redictor o? adverse 
?erinatal outcome than was M??????-??-ratio? ?urthermore, 
the ?rou? o? ?etuses with abnormal ri?ht ?ulmonary artery ?? 
consisted o? ?0 ?etuses ? only ??,?? o? the hi?h-risk ?re?nancy 
?rou?? ?his su??ests that ri?ht ?ulmonary artery blood ?ow mi?ht 
chan?e durin? ?etal circulation redistribution, but this reaction is 
?robably not constant durin? this ?eriod and mi?ht occur in the 
be?innin? o? this ?rocess? ?esults by ?ensen et al? su??ests that 
lun? ?er?usion mi?ht be im?roved a?ter re?eated hy?o?ic insult 
?1???  
?asanen et al? described decrease o? ?ulsatility inde? ???? 
o? ?ro?imal ?ulmonary artery with advanced ?estational a?e un-
til ??th week o? ?estation ?12?? ?he con?ictin? results between 
the ?resent study on normal controls and the ?revious study by 
?asanen et al? may be e??lained by the di??erence in number o? 
investi?ated ?atients, as their ?o?ulation ?rou? consisted o? only 
100 ?atients ?12??
?en-?n? ?ian? et al? in their study analyzed di??erences be-
tween multi?ate s?ectral Do??ler scannin? with the ?ower Do?-
?ler ima?in? o?tion and traditional s?ectral Do??ler ultrasono?-
ra?hy with color ?ow ma??in? ?1??? ?heir study revealed a si?-
ni?cant di??erence between main ?ulmonary artery and ?eri?heral 
blood ?ow? ?his may e??lain ?revious results in studies on ?etal 
brain? lun? circulation usin? di?ital analysis o? ?ower Do??ler 
si?nal intensity, where a marked reduction in lun? ?er?usion was 
seen in hi?h-risk ?re?nancies? ?he ?ower Do??ler mi?ht thus re-
?ect tissue ?er?usion, while s?ectral Do??ler re?ects vascular im-
?edance in the vessel? ?his mi?ht e??lain the con?ictin? results 
o? ?resent study and a ?revious results ?2?? 
?tudies on animal and the human ?etus have shown that ?etal 
cardiac out?ut is redistributed durin? hy?o?ia, ?avorin? vital or-
?ans such as the brain, heart and adrenals ???? ?y reducin? blood 
?ow to less im?ortant or?ans the need ?or o?y?en and nutrients 
is reduced and the ?etus is able to maintain o?y?en and blood 
 
Figure 3. Mean and 95%CI of middle cerebral artery pulsatility index (PI) in in the 
second half of pregnancy.
 
Figure 4. Mean and 95%CI of middle cerebral artery pulsatility index (PI) over right 
pulmonary artery PI ratio (MCA/RPA) in the second half of pregnancy.
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?as status within normal limits? ?lood ?? may remain stable due 
this ?henomenon? ?he centralization o? ?etal circulation results in 
reduced ?ow in the kidneys and ?ut, which may cause oli?ohy-
dramnios and necrotizin? enterocolitis in the newborn? ?ircula-
tion redistribution mi?ht also lead to asymmetrical ?rowth o? the 
?etal body? 
?tudies ?ocused on ?etal su?erior mesenteric and he?atic 
arteries revealed that si?ns o? redistribution in the mesenteric 
artery mi?ht be a late si?n o? ?etal com?romise ???? The vascular 
s?arin? o? the ?etal liver can be seen at an early sta?e o? ?etal 
com?romise? This s?arin? e??ect seems to disa??ear in severely 
com?romised ?etuses1?? The velocimetry o? s?lenic artery and ?? 
values in the course o? hi?h-risk remained within normal values 
?20?? ?rudini et al? revealed in their studies on the renal artery, 
that blood ?ow in this vessel is decreased durin? lon? term 
?etal hy?o?ia ?21?? ?ti?ter et al? studied in?uence o? chan?es 
in ?etal renal artery on ?etal condition in the ?rowth-restricted 
?reterm ?etus ?22?? They revealed that redistribution is re?ected 
by chan?es o? ?eak-systolic velocities rather than by chan?es 
in ?ulsatility inde?? ??ectrum o? both the renal and ?ulmonary 
blood velocity has low ?ow velocities in diastole? ?han?es durin? 
reduction mi?ht be di??cult to inter?ret by Do??ler, es?ecially in 
the severely a??ected ?etus where reversal o? venous ?ow durin? 
atrial contraction mi?ht be su?erim?osed in the diastolic ?ow 
?attern? 
The evaluation o? ?lacental and ?etal liver, adrenals, kidney, 
and lun? blood ?ow by ?ower-Do??ler ultrasound has im?roved 
our knowled?e on ?etal circulation? ?n normal ?re?nancy, the 
?ower-Do??ler com?uter analyzed si?nal intensity seems to in-
crease in all or?ans with ?estation u? to ?? weeks, a?ter which 
a decline in intensity is noted ?11?? The chan?e in the other or?ans 
mi?ht be e??lained by centralization o? ?etal circulation second-
ary to ?ailin? ?lacental ?unction? ?n hi?h-risk ?re?nancies the de-
crease in or?an blood ?ow is even more ?ronounced, su??estin? 
?urther develo?ment o? ?etal circulatory centralization ???? ?etal 
cerebral ?ower-Do??ler si?nal intensity and the brain?lun?-ratio 
increases towards the end o? normal ?re?nancy? The data ?rom the 
?revious study shows that ?ower Do??ler re?resents centraliza-
tion o? ?etal circulation durin? chronic hy?o?ia by evaluation o? 
?etal or?an tissue ?er?usion, rather than vascular im?edance? 
Conclusion
The main conclusion o? this study is that velocimetry o? the 
middle cerebral artery is better than velocimetry o? ri?ht ?ulmo-
nary artery in ?redictin? outcome in hi?h-risk ?re?nancy? M???
??? ?? ratio was o? limited value in ?redictin? redistribution o? 
?etal circulation in hi?h-risk ?re?nancies?
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